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QUESTION 1. 
Note: NMR and IR data tables can be found at the end of the exam paper 


a) Propose a structure for the compound with Molecular formula Cs6H,2O>2 that has the following 
IR and 'H NMR data. Briefly explain your reasoning. 


3H triplet 


2H quartet 


2H sextet 
2H triplet 


0D 


Transmittance % 
on 
o 


3000 2000 1500 1000 500 


Wavenumber cm:! 


b) Predict the 'H NMR spectrum that you would observe for 2-chloro-2,4-dimethylpentane. 
Include: 
1) a line drawing of the compound 


11) number of signals 
111) relative integrals 


iv) splitting pattern of each signal 
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QUESTION 2. 
a) Draw the structure of 6-chloro-3-methylphenol. 


b) Give the full IUPAC name of the following compound: 
Cl 


c) For each of the three compounds A-C state whether it is aromatic or not aromatic, briefly 
explain your answer for each compound referring to the four rules a molecule must fulfill to be 


classed as aromatic. 
H H 
A B C 


d) Inthe 'H NMR spectrum of [18]-Annulene the signal from the inner ring protons has a chemical 
shift of —3 ppm whilst the outer ring protons resonate at 9.3 ppm. 
1) Explain, with the use of diagrams where appropriate, why these inner ring protons 
resonate at such a low frequency 


11) Would you expect to observe a similar low frequency signal for the inner ring protons of 
[16]-Annulene? Explain your answer. 


4 
HZ 
Om 


| 
ZA 
H 


a a 


[16]-Annulene 
Inside H §-3.0 H H 


Outside H §93 


[18]-Annulene 
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QUESTION 3 
a) Draw the mechanism for the following reaction. Show all steps, all intermediates and all electron 


flow using arrows. 
Cl 
(> Clo, FeCl, C 
—_______» 


b) Attempts to prepare A by treating benzene with 1-chloro-2-methylbutane and AlCl; result in a 
mixture of products with B as the major product. 


25% 195% 


i) Write the complete stepwise mechanism for the formation of B, showing all electron 
flow with arrows and showing all intermediate structures. 


ii) Propose a synthesis for A (including reagents) that avoids the problems of direct Friedel- 
Crafts alkylation. 


c) Choose ONE of the compounds below and draw the most efficient synthetic route to prepare it 
from benzene. Include all reagents and show all intermediates in your answer. Assume mixtures 


of isomers can be separated by chromatography. Note you are NOT required to draw 


Br 
QUESTION 4 


a) Give the major organic product(s) of each step for the following sequence of reactions. 


mechanisms. 


Br 


HNO KOH 
——__» A —___y» 8B 
H»SO, 


Question 4 continues on next page 
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b) What reagents will enable the following interconversions? 


NH» H 


NO; 
C —* — 


¢) The reaction of bromobenzene with KNH, in liquid ammonia (NH;) forms aniline through an 
elimination addition reaction via a benzyne intermediate. 


Br 
C KNFlp, NA S KNHp, NH3 
_§—_ > — 


1) Draw the mechanism of this reaction showing all electron movement with arrows. 


NH> 


11) Although benzyne is an intermediate that cannot be isolated, a number of studies have 
provided mechanistic evidence for this reaction proceeding via a benzyne intermediate (eg 
using radioactive isotope labels or trapping experiments). Describe how ONE of these 
experiments provided evidence for the existence of the benzyne intermediate. Include any 
relevant structures in your answer. 


QUESTION 5 


a) In DNA the two strands of the double helix are held together via hydrogen bonding between 
complimentary base pairs. The structures of the bases adenine (A), guanine (G), cytosine (C) 
and thymine (T) are shown below. 


H \ 
N N—H a 
ia ene H—N ( ra \ 
f \. be * 
oy, n={ N yN 
—/ vn Cw ge 
Adenine (A) Guanine (G) i Thymine (T) Cytosine (C) 


2 /N denotes attachment to sugar unit 


1) Which bases form complimentary pairs with each other? 


11) Draw the pairs showing the hydrogen bonds between bases as dashed lines. 


b) Explain what the terms HOMO and LUMO mean, and how the energies of these orbitals in a 
molecule affect its reactivity towards nucleophiles and electrophiles. 


Question 5 continues on next page 


Cc) 
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In DNA alkylation of Guanine occurs at the N-7 position; the consequence of this is hydrolysis 
followed by ring opening, as shown in the scheme below, which results in significant 
modifications of the physical characteristics of DNA in that region. The carcinogenicity of 
strong alkylating agents is therefore believed to be due to alkylation at this position. 


O | = O R 
N uw Ni 
DA nk LY? 
we ~ 
I sugar i sugar 
-H* | H,0- 


O O 


e a, 
— N Say N 
\==O <——____—_ e) 
; ~N 
H As H A N H 
\ i) re ee | 
I Sugar v Sugar 


Using the molecular orbital diagrams below, explain: 
1) why after alkylation at N-7, Guanine is more susceptible to attack by a water molecule 


11) why the water molecules attacks at the position it does 


LUMO's ————.," 
0.58 BS 
an a 
eowce ; oD) 
en: 
aa 
ones bE SS 
sees “in 
+1.5R 
Occupled —e + 
orbitals comm TL 
en ie 1 


LUMOs of Guanine (top) 
and N-7 alkylated 


Guanine (bottom) Orbitals Orbitals 
in in 
alkylated Guanine 
Guanine 
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QUESTION 6 
a) 


1) Rank the groups around the chiral centre of A and assign the stereochemistry as R or S 

11) Draw structures for products B and C. 

111) What is the relationship between products B and C? 

iv) Would you expect the products B and C to be produced in equal amounts? Explain your 


answer. 


b) Bupropion is a chiral base with potent CNS activity delivered as a racemate. How could you 


preparatively separate the two enantiomers of bupropion? 


O O 
Bupropion 


c) Assign the faces of the left hand structure as Re and Si. 


QUESTION 7 


a) The following questions relate to the structures D, E, F and G shown below 
i ZO 
Lyre = O 
O 
D E F G 
1) Which of the dienes D, E or F would you expect to be the most reactive Diels-Alder diene? 


Explain your answer. 


11) Draw the exo and endo products formed from a Diels-Alder reaction between the diene D 
and the dienophile G. In your answer, indicate the relative stereochemistry of any newly 
formed chirality centres. 


Question 7 continues on next page 
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b) The addition of HBr to the conjugated diene below results in two regioisomeric products. 


Br 


Through the use of mechanistic diagrams show how both of the compounds are formed 
including relevant resonance contributors. 


QUESTION 8 


a) The pK, values for acetone and diethyl malonate are very different. Explain the acidity 
differences observed in these two carbonyl containing compounds using resonance structures if 


appropriate. 
O O O 
po ae © 
pK, = 13 pK, = 20 


b) | Draw the products J and K formed from the reaction of H and I in the following reaction 
scheme. 


O + 
NaOEt pao 


O 
Ph product J roduct K 
O° 4 p 
ar heat 
I 


H 


c) | Use mechanistic diagrams to show the formation of the product 2-bromocyclohexanone from 
cyclohexanone. Include electron flow and any intermediates formed in the reaction in your 
mechanism. 

O O 
Bro Br 


_ 


catalytic 
H»SO,4 
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QUESTION 9 
a) 


i) Assign R or S stereochemistry to the stereocentre marked with an asterisk in glucose 

11) Glucose is able to cyclise to both pyranose and furanose rings. Starting with the Fischer 
projection of glucose, draw a pyranose and furanose ring labelling each and assigning the 
centre drawn as either alpha or beta. 


CHO 
H—+—OH 

HO H 
H OH 
H OH 
CH 5OH 
Glucose 


b) Explain with the use of diagrams what will occur to a crystalline sample of B-D-glucopyranose 


if 1t is placed in aqueous solution. 


c) For each of the reactions shown below, draw the expected products L, M and N. 


OH 
OH 
O re product L 
HO OH NaH, DMF 
HO 
Galactose 
OH 
OH 
O gon , product M 
HO OMe 
HO Pyridine 
Galactose 
HO 
O 
Chee product N 
OH H5SO, 
HO OH 
Ribose 
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QUESTION 10 


a) Lysine has 3 pK, values as illustrated on the diagram below. 


O 
a oK, 2.2 
7 OH 
0K, 10.5 


NH» 
pK, 8.9 


1) Calculate the isoelectric point for (S)-lysine 


11) Draw the predominant structure of (S)-lysine at pH 12. 


b) |The amino acid alanine can be used in automated peptide synthesisers but this requires protected 


forms of the amino acid. 
O 
H3C 
° OH 
NH, 
alanine 
a. Show how you can synthesise \V-protected and C-protected alanine derivatives. 
Show schematically a method to couple the protected alanine derivatives to give an 
ala-ala dipeptide 


c. Show how protecting groups can be removed 


Cc) Sequencing long proteins can be quite challenging. Briefly describe a method to produce 


defined, smaller more manageable peptides from a long protein sequence. 


NMR table, infrared table and periodic table are provided on pages 11, 12 and 13 


10 
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NMR TABLE 
NOTE: CH, shifts are similar to the CH, shifts given in the table below. 


Type of 
Hydrogen 


= CCH 
C=C—CH, 
C=6—H 


11 


Position 


(cm~*) 


3550-3200 


3400-3250 


3300 


3100-3000 


3000—2850 


2830-2700 


2260-2200 


2150-2100 


1820-1650 


|660—1 640 


|600—1450 


1550 and [380 


| 300-1000 


900-675 
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INFRARED TABLE 
Group Comments 
=O Strong intensity, very broad band 
we Weaker intensity and less broad than O—H; NH, 
shows two bands, NH shows one 
=C—H Sharp, C is sp hybridized 
| 
—=C—H C is sp* hybridized 
| C is sp? hybridized; 3000 cm™' is a convenient dividing 
= CH line between this type of C—H bond and the preceding 
| type 
O 
! 
= Two bands 
ae | Medium intensity 
—C=C— Weak intensity 
O 
! 
Sea Sra Strong intensity, exact position depends on substituents; 
see Table 13.1 
ete 
& 
! Often weak intensity 
men 
Four bands of variable intensity 
—NO, Two strong intensity bands 
| 
—C—O— Strong intensity 


Strong intensity 
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Period 


Periodic Table 


2 
4 
Be 
9.012 
13 
3 Al 
3 4 5 6 7 g 9 10 11 12 | 26.98 
19 20 21 22 | 23 | 24 25 | 26 27 28 29 30 | 31 
4! K | Ca | Sel Ti V | Cr |{Mn| Fe | Co | Ni | Cu | Zn | Ga 
- 1.39.10 | 40.08 | 44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.95 | 58.99 | 58.69 | 63.55 | 65.39 | 69.72 
37 38 39 4o | al 42 43. | 44 45 46 47 ag | 49 
5| Rd} Sr | Y | Zr } Nb Te |} Ru | Rh} Pd | Ag | Cd] In 
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | 98.91 | 101.1 | 102.9 | 106.4 | 107.9 | 112.4{ 114.8 
73 74 75 76 77 78 79 80 81 
6| Cs | Ba " Ta | W | Re {| Os | fr | Pt | Au | Hg/ Tr 
132.9 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 


87 | 88 | ag. | 104 | 105 | 106 | 707 [108 | 109 
7| Fr i Ra 1, | Ung | Unp | Unh | Uns | Uno | Une} ...... 
223.0 | 226.0 


= 
Oo 


result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


Nes 
[| sblock 

s7 | 58 | 59 | 60 | 61 62 64 | 6 | 66 | 67 | 68 | 69 | 70] 71 

lanthanides | La | Ce ; Pr NG | Br sm Ey Gd ! Tb | Dy |} Ho Ea Tm; Yb | Lu 
138.9 | 140.1 | 140.9 | 146.2 | 144.9 | 150.4 157.2 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0 
9 | 90 | 91 92 | 93 | 94 | 95 | 96 | 97 | 98 100 { 101 | 102 | 103 

Actinides Ac | Th | Pa | U | No | Pu {|Am([Cmi Bk | Cf Fm | Md; No} Lr 
227.0 | 232.0 | 231.0 | 238.0 | 237.0 | 239.1 | 241.1 | 244.1 | 249.1 | 252.1 257.1 | 268.1 | 259.1 | 262.1 
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